A simple, sensitive and rapid stability indicating reverse phase ultra performance liquid chromatography (RP-UPLC) method was developed and validated for the determination of Emtricitabine (EMT) and Tenofovir disoproxil fumarate (TDF) in pure and tablet dosage forms. The chromatographic separation was achieved by using Waters (Alliance) UPLC system equipped with autosampler and photo diode array detector. A volume of 5 μL of standard or test was injected into the column and the components were separated by using the mixture of 0.68% potassium dihydrogen orthophosphate buffer of pH = 6 and methanol in the ratio 45:55 v/v as mobile phase at a flow rate of 1.2 mL/min through BEH C18 (100 mm × 2.1, 1.8 µm) at ambient temperature and were detected at a wavelength of 261 nm. System suitable parameters such as plate count and tailing factor for EMT and TDF were found to be 2427 & 3685, 1.16 & 1.23 respectively, and resolution between EMT and TDF peaks was found to be 3.12. The chromatographic parameters like retention time, peak area and peak height of EMT and TDF were found to be 0.684 & 0.930, 694,200 & 8,778,000 and 272,881 & 3685 respectively. Percent of assay of EMT and TDF in bulk and dosage forms was determined and found to be 101.48 and 103.22 respectively. Study of degradation was examined and found that the drugs were stable under degradation conditions. The present method was developed keeping the principles of green chemistry by using eco-friendly solvent methanol in mobile phase. The developed method was found to be simple, rapid and applied for the * Corresponding author.
Introduction
An extensive literature survey was carried out and found some simultaneous spectrophotometric methods [1] - [8] for the determination of EMT and TDF in pure and pharmaceutical formulations. Several authors developed reversed phase liquid chromatographic methods for the simultaneous estimation of EMT and TDF in tablet dosage forms [9] - [12] and biological fluids [13] . Several liquid chromatography-tandem mass spectrometric methods [14] - [18] were present in the literature for the determination of low concentrations of these drugs especially in human plasma. In addition, two HPTLC methods [19] and one RP-UPLC method [20] were reported. Different experimental methods [21] - [26] were reported for the individual determination of EMT in tablet dosage form or human plasma and for the study of related impurities in drug substance. Several methods [27] - [35] were found in the literature for the estimation of TDF in single dosage form and human plasma. Since spectrophotometric methods are lack of sensitivity, though LC/MS/MS technique is highly sensitive but costly and lot of care should be taken during analysis, therefore UPLC or HPLC methods have wide applications in the analysis of pharmaceutical analysis especially in quality assessment. Though there was one UPLC method [20] reported, there is a scope to develop a new simple, rapid, economic and green UPLC method. In the reported method, buffer and acetonitrile in the ratio 55:45 v/v were used as mobile phase, where as in the developed method methanol was used instead of acetonitrile, because methanol is a universal eco-friendly green solvent. In the developed method, the detector response was found to linearly increase with respect to concentration of EMT and TDF, and the range of linearity of present method was found to be maximum when compared to the reported method. The most important application of UPLC technique is the study of impurities and forced degradation, but the reported method was found to be lack of study of forced degradation. Hence the author made some investigations on study of forced degradation to find the stability of the drugs when they were exposed to different degradation conditions. The foremost goal of the present study is to ascertain the percent of degradation when the drugs are exposed to some degradants such as acid, base, oxidant, thermal and photolytic exposure.
Materials and Methods

Chemicals and Reagents
Active pharmaceutical ingredient (API) of 99.8% potency of EMT and TDF were obtained from Finoso Pharma Pvt. Ltd., Hyderabad, Telangana, India. Pharmaceutical formulations like Truvada tablets were procured from the local pharmacy. Analytical grade reagents such as methanol, potassium dihydrogen orthophosphate, hydrochloric acid, sodium hydroxide, hydrogen peroxide and HPLC grade water were procured from Merck India.
Instrumentation
Waters (Alliance) UPLC system equipped with auto sampler and photo diode array detector was used for the present investigation. The data acquisition was obtained from Empower-2 software.
Preparation of Solutions
2.3.1. Mobile Phase 0.68% Potassium dihydrogen orthophosphate buffer solution was prepared by taking 6.8 grams of potassium dihydrogen orthophosphate in a clean 1000 mL volumetric flask and dissolved in water, made up to the mark by adjusting the pH of the solution equal to pH = 6 with 0.1 N sodium hydroxide solution. Then the resulting solution was filtered through 4.5 µ filter under vacuum filtration. Mixture of buffer and methanol in the ratio 45:55 v/v was taken, degassed in ultrasonic water bath for five minutes at room temperature and then filtered through 4.5 µ filter under vacuum filtration. This was used as mobile phase and diluent.
Standard Stock Solution
Standard stock solution was prepared by precisely 20.0 mg of EMT and 30.0 mg of TDF standards were weighed accurately and transferred into a clean 100 mL volumetric flask, dissolved in 30 mL of diluent, sonicated for five minutes at room temperature and made up to the mark with diluent.
Sample Stock Solution
Average weight of ten Truvada tablets (200 mg of EMT and 300 mg of TDF) was determined, grinded well and an amount of the fine powder equivalent to one tablet was accurately weighed and transferred into a clean 100 mL volumetric flask, dissolved in 30 mL of diluent, sonicated for ten minutes at room temperature, made up to the mark. Then the solution was filtered through 0.45 µ filter, and made up to the mark.
UPLC Method Development
Ultra performance liquid chromatography (UPLC) is a novel technique used in the separation and assay of pharmaceutical formulations especially in combined drugs. This technique is found to be very useful in the study of degradation. The development of liquid chromatographic method was based on physico-chemical properties of selected drugs such as molecular weight, molecular formula, chemical structure, solubility, pKa value, UV absorption maxima and inactive ingredients. The selected drugs were completely soluble in moderately polar and polar solvents such as water, methanol and acetonotrile, hence a reversed phase liquid chromatographic technique was the best method in which a non polar stationary phase (a nonpolar hydrophobic packing with octyl or octa decyl functional group bonded to silica gel) and a polar mobile phase (potassium dihydrogen orthophosphate buffer solution and organic solvents like methanol) were considered. The optimum chromatographic conditions were established by testing different trials by changing one of the chromatographic conditions such as column, mobile phase and its composition, flow rate of the mobile phase, injection volume, run time, column temperature and detection wavelength keeping other constant. Finally the desired separation was achieved by injecting 5 µL of standard solution into the BEH C 18 (2.1 × 100 mm, 1.8 µm) column maintained at ambient temperature; elution was carried out by using mobile phase at a flow rate of 1.2 mL/min, and the detection at wavelength of 261 nm.
Method Validation
Validation is a procedure having of documental evidence to demonstrate method is able or not to produce the expected results under the stated experimental conditions.
System Suitability Parameters
Exactly 3.0 mL of standard stock solution was accurately measured, transferred into a 10 mL volumetric flask and diluted up to the mark with diluents. The concentration of the resulting solution was found to be 60 µg/mL of EMT and 90 µg/mL of TDF respectively. Then precisely 5 µL of the this solution was injected into the column in triplicate, 0.68% Potassium dihydrogen orthophosphate buffer solution and methanol in the ration 45:65 v/v were allowed to flow through the column at a rate of 1.2 mL per min from two separate channels, and the response of the instrument was recorded at 261 nm as a function of time for a run time of 4.0 min. A typical system suitable chromatogram was presented in Figure 3 .
Precision
Precision describes the reproducibility of results under a set of experimental conditions. To find out system precision, exactly 3.0 mL of standard stock solution was accurately transferred into a 10 mL volumetric flask and diluted up to the mark with diluents, then exactly 5 µL of the this solution was injected six times into column, chromatograms were recorded under the optimized conditions and chromatographic parameters were evaluated. In the study of method precision, 3.0 mL of sample stock solution was accurately transferred into six separate 10 mL volumetric flasks and diluted up to the mark with diluents, exactly 5 µL of each of these solutions was injected into the column, chromatograms were recorded and chromatographic parameters were obtained under similar conditions.
Accuracy
Accuracy describes the correctness of an experimental result expressed as the closeness of the measurement to the true or accepted value. The study of accuracy was carried out at three different levels i.e. 50%, 100% and 150% with respect to target concentration by standard addition method in which known amounts of standards were added to pre-analyzed sample. An amount of tablet fine powder equivalent to 20 mg of EMT and 30 mg of TDP was taken in three different 100 mL volumetric flasks, 10/40/90 mg of EMT & 30/60/90 mg of TDF was added, dissolved in 70 mL of diluents, sonicated for ten minutes, made up to the mark, filtered through 0.45 µ membrane filter, and then exactly 3 mL of the filtrate was accurately transferred into a 10 mL volumetric flask, made up to the mark with diluents, then chromatograms were obtained in triplicate as per the procedure.
Linearity
The linearity of an analytical procedure is its ability to obtain test results which are directly proportional to the concentration of analyte in the sample. The range of an analytical procedure is the interval between the upper and lower concentration of analyte for which it has been demonstrated that the analytical procedure has a suitable level of precision, accuracy and linearity. To determine linearity, different aliquots of standard stock solution (0.5 -5.0 mL) were taken a series of 10 mL standard flasks, made up to the mark, exactly 5 µL of each of these solutions was injected in triplicate, and chromatograms were obtained under the identical chromatographic conditions. Linearity plots were drawn between mean peak area of drug EMT/TDF and concentration and were presented in Figure 4 and Figure 5 respectively. 
Limit of Detection (LOD) and Limit of Quantitation (LOQ)
The LOD of an individual analytical procedure is the lowest amount of components in a sample which can be detected but not necessarily quantitated as an exact value. The LOQ is a parameter of quantitative assay for low levels of compounds in sample, and is used particularly for the determination of impurities and/or degradation products. To determine LOD/LOQ, exactly 0.2/0.15 mL of the sample stock solution was accurately transferred into a 10 mL volumetric flask and diluted up to the mark with diluents. Further pipetted 0.1/0.5 mL of the above solution was diluted to 10 mL and triplicate chromatograms were obtained under similar chromatographic conditions. Model chromatograms of LOD and LOQ were presented in Figure 6 and Figure 7 respectively.
Robustness
The robustness of an analytical procedure is a measure of its capacity to remain unaffected by small, but deliberate variations in pH of buffer, mobile phase composition, columns temperature and flow rate, and provides an indication of its reliability during normal usage. The study of robustness in the present investigation was demonstrated by carrying out deliberate variations in flow rate 1.2 ± 0.2 mL and mobile phase compositions i.e. percent of organic solvent was varied from 51% to 71%). Accurately 3.0 mL of sample stock solution was transferred into a 10 mL volumetric flask and diluted up to the mark with diluents, then exactly 5 µL of the this solution was injected three times into column, chromatograms were recorded under variable conditions. 
Ruggedness
Ruggedness is a study of repeatability of results between two analysts, laboratories, different days and different instruments. In the present investigation the author made investigations to find the repeatability of the results between two different days. Exactly 3.0 mL of sample stock solution was accurately transferred into a 10 mL volumetric flask and diluted up to the mark with diluents, then precisely 5 µL of the this solution was injected six times into column, chromatograms were recorded under the optimized conditions and chromatographic parameters were evaluated, the same procedure was repeated on two different days
Specificity
Specificity is the ability to assess unequivocally the analyte in the presence of components which may be expected to be present. Typically these might include impurities, degradants, matrix, etc. To demonstrate method specificity, exactly 5 µL of blank and sample solutions were injected separately into the column and triplicate chromatograms were recorded (Figure 8 and Figure 9 ) under the optimized chromatographic conditions.
Assay Studies
Standard and sample stock solutions of concentration 200 µg/mL of EMT and 300 µg/mL of TDF were freshly prepared as per the procedure given in section preparation of solutions. Exactly 3.0 mL of standard and sample solutions were accurately transferred into two separate 10 mL volumetric flasks, diluted up to the mark with diluents. Precisely 5 µL of each solution was injected in triplicate into column; chromatograms were obtained under the optimized chromatographic conditions.
Stability Studies
The International Conference on Harmonization (ICH) guideline entitled stability testing of new drug substances and products requires that stress testing be carried out to elucidate the inherent stability characteristics of the active substance. In this study, the drugs were exposed to different chemical and physical degradation conditions such as 0.1 N HCl (acid hydrolysis), 0.1 N NaOH (base hydrolysis), 3% H 2 O 2 (oxidation), heat (thermal decomposition) and UV-light (radiation decomposition) for specified time, and then diluted as similar as standard dilution, and then chromatograms were obtained under the similar chromatographic conditions, the percent of degradation was calculated from the peak area of the chromatograms. In the study of acid or base hydrolysis, an amount of fine powdered sample equivalent to 20 mg of EMT and 30 mg of TDF was transferred into 100 mL of round bottom flask and added 50 mL of freshly prepared 0.1 N HCl/0.1 N NaOH, shaken well and allowed for 24 hours at a temperature of 60˚C. Then filtered the solution through 0.45 µ filter into 100 mL standard flasks and neutralized the unreacted acid or base with 0.1 N NaOH or 0.1 N HCl and made up to the mark. In case of peroxide degradation same amount of sample was transferred into 100 mL of round bottom flask, added 50 mL of freshly prepared 3% H 2 O 2 and refluxed at 70˚C for 24 hours and filtered the solution through 0.45 µ filter into 100 mL standard flasks and made up to the mark. In the study of thermal or UV-light degradation, exactly same amount of fine powdered sample was accurately transferred into a clean and dry watch glass, placed in an oven at 100˚C or UV cabinet-254 nm for 24 hrs. Then removed from the oven or UV chamber and allowed to stand for some time at room temperature. The substance was accurately transferred into 100 mL volumetric flask and dissolved in diluents, filtered and made up to the mark. Exactly 3.0 mL of freshly prepared stock solution and solution of degraded sample was accurately transferred into separate 10 mL volumetric flasks and made up to the mark with diluents and chromatograms were obtained in triplicate under optimized conditions.
Results and Discussion
A precise and accurate stability indicating RP-UPLC method was developed and validated for the determination of EMT and TDF in pure and tablet dosage forms. The separation of the components was achieved by using Waters (Alliance) UPLC system equipped with auto sampler and PDA detector. The components were detected at 261 nm and separated by using a mobile phase of potassium dihydrogen orthophosphate buffer and methanol in the ratio 45:55 v/v at a flow rate of 1.2 mL/min through BEH C18 (100 mm × 2.1, 1.8 µm) at ambient temperature.
System Suitable Parameters
Triplicate chromatograms of standard solution of concentration 60 µg/mL of EMT and 90 µg/mL of TDF were recorded. System suitable parameters such as plate count, tailing and resolution for EMT and TDF were found to be 2427 & 3685, 1.16 & 1.23 and 3.12 respectively. The chromatographic parameters like retention time, peak area and peak height of EMT and TDF were found to be 0.684 & 0.930, 694200 & 8778000 and 272881 & 3685 respectively.
Specificity
To determine specificity of the proposed method, number of peaks, tailing factor, number of theoretical plates, peak area and peak height of each peak, and resolution were determined. The chromatogram of sample was compared with the chromatogram of standard and found no additional peaks except two peaks at retention time 0.684 & 0.695 and 0.930 & 0.942 minutes for EMT and TDF respectively, where as the blank chromatogram contains no peaks. The results of specificity were presented in Table 1 .
Precision
Precision of finite replicate measurements either in system precision or method precision is expressed as percent of relative standard deviation (%RSD) in statistical analysis, and the acceptability should be %RSD ≤ 2.0. In both cases chromatographic parameters such as peak area, peak height, retention time and resolution between two peaks were determined for six measurements. Mean peak area (M), standard deviation (SD) and percent of relative standard deviation (%RSD) of peak area were determined using Microsoft Excel Sheet. The results of system precision and method precision were presented in Table 2 and Table 3 respectively.
Accuracy
To determine accuracy of the proposed method, chromatograms were obtained at three different concentration levels (10, 20 and 30 mg of EMT and 15, 30 and 45 mg of TDF) and the percent of recovery was evaluated at each spike level from the peak area, and then mean recovery was calculated and found to be 100.16 and 10.44 respectively. According to ICH guidelines, the mean percent of recovery should be 98% -102%, and hence the percent of recovery was within the acceptable limits. The results of accuracy were presented in Table 4 .
Linearity
Linearity between peak area and concentration of EMT and TDF in the proposed method was determined by drawing plots taking mean peak area on y-axis against concentration on x-axis. From the plots it was evident that linearity for EMT and TDF was found to be 10 -100 µg/mL and 15 -150 µg/mL respectively. Slope, intercept and correlation coefficient of the data was determined using Microsoft Excel Sheet and given in Table 5 .
LOD and LOQ
LOD and LOQ of the developed method was determined from noise-to-signal ratio method, the average baseline noise for blank and average peak area for LOD/LOQ concentration with was determined and calculated signal to noise ration and found to be more than 3.0/10.0 and found to be 0.04 & 0.15 and 0.06 & 0.225 for EMT and TDF respectively. The results were given in Table 6 .
Robustness
In the study of robustness, chromatograms were recorded for flow rate and mobile phase composition variation, and chromatographic parameters were evaluated. It was found that there was no considerable variation in retention time, plate count, plate height, peak area for these variations. In the present investigation ruggedness of the proposed method was demonstrated between different days and different instruments. Standard deviation, percent of relative standard deviation were determined and given in Table 7 .
Ruggedness
In the study of ruggedness, the reproducible results were obtained by the analysis of the same samples in two different days. The results of study of ruggedness were shown in Table 8 .
Analysis of Formulations
Truvada tablets of 200 mg Emtricitabine and 300 mg Tenofovir Desoproxil Fumerate were analyzed by using the proposed method and satisfactory results were obtained. Peak area of both standard and test was determined for triplicate chromatograms, the percent of assay was calculated from the peak area of standard and sample, and then mean percent of assay was determined and found to be in good agreement with label claimed. The percent of assay was calculated by using the following formula. Assay = (Response of test/Response of standard) × (Weight of standard/Dilution of the standard) × (Dilution of test/Weight of test) × (Potency of the API/100) × (Average weight of formulation/Label Claimed) × 100. The mean percent of assay of EMT and TDF was found to be 101.48% and 103.22% respectively and the results were presented in Table 9 .
Stability Studies
A study of forced degradation was carried out to evaluate the stability of the drugs in formulations. In the present investigation acid, base and peroxide degradation studies and degradation in presence of thermal energy or photo light was carried out, and the percent of degradation was calculated from the peak area of degradation standard and degraded test solution. The results of degradation and stability of drugs were presented in Table  10 .
Conclusion
The present developed isocratic RP-UPLC method was found to be simple, rapid, accurate and specific for the determination of Emtricitabine, and Tenofovir desoproxil fumerate in tablet dosages. Hence the proposed method can be adopted for the analysis for quality control in any quality control and testing laboratory. 
